Rabbits were injected with saline suspensions of fibers of filter paper and of mixtures of filter paper and human fibrin or filter paper and rabbit whole blood. The emboli became impacted in the pulmonary arteries or adhered to the intima. In one rabbit an embolus adhered to the endocardium of the right ventricle. An acute arteritis resulted which was finally organized leaving a diffuse or eccentric scar on the intima. The filter paper fibers were surrounded by a foreign body granuloma and localized in either the intima or adventitia. Frequently they passed entirely through the wall clausing varying amounts of injury and were found in the adventitia or perivascular lung tissue. This is interpreted as indicating the existence of a mechanism for ridding the circulation of foreign material in the blood.
IN a previous paper the reaction of the pulmonary artery to the presence of minute emboli of whole blood has been described.5 This paper presents the results of experiments which were made in order to study the reaction of the pulmonary artery to different kinds of emboli, namely small fibers of filter paper and mixtures of filter paper and either rabbit's blood or human fibrin.
EXPERIMENTAL PROCEDURE Healthy, young, adult, white rabbits from general laboratory stock were used in the experiments. They were housed in individual cages in air-conditioned animal rooms kept at 70 F. and were fed as much Purina rabbit pellets and water as they desired. Untreated control rabbits were maintained simultaneously and under the same conditions as the experimental animals.
Suspensions of sterile filter paper were prepared by cutting a square centimeter piece of Whatman No. 3 paper* into fine pieces with scissors and placing them in a Raring Blendor with 50 cc. of physiologic saline solution for two minutes. This treatment separated the individual fibers and broke them into fragments measuring approximately 10 by 80 microns. Mixtures of human fibrin and filter paper were prepared by allowing freshly drawn whole blood to clot. After freeing the clot of serum it was broken into small pieces by agitation with glass beads and washed with normal saline on Whatman No. 3 filter paper. The clot was then suspended in saline, shaken with glass beads, and refiltered, the whole process being repeated until the final fibrin clot was grossly free of blood. It was suspended in an amount of normal saline which wvas slightly less than the original volume of blood from which the fibrin was obtained. Enough filter paper fibers became enmeshed in the clot during the process of preparation to suffice for the purposes of the experiments.
AMixtures of whole rabbit blood were prepared as described previously5 and then mixed with the suspension of filter paper.
In order to obtain suspensions of pure human fibrin, glass wool was substituted for filter paper and after removal of red blood cells the clot was fragmented in a Waring Blendor in 50 cc. of normal saline for two minutes. The average size of the particles obtained in this way was 0.1 mm.
Injections of the different suspensions were made into the ear veins and the animals were sacrificed at selected intervals according to the schedule shown in table 1. Autopsies were performed and sections of lungs and other organs prepared as in previous experiments.5
RESULTS
In about 15 per cent of the control rabbits small granulomas were found around a few of the end branches of the pulmonary arteries.
Since these lesions have been described and illustrated in a previous article they will not be discussed further. Suffice it to say that no le- sions resembling those about to be described in the experimental animals were discovered in the controls.
Since the same changes were produced by the injection of either pure filter paper fibers, or of mixtures of filter paper fibers and fibrin or whole blood, they will be described together. Animals which received injections of human fibrin without filter paper will be described separately, as the results were different.
Four rabbits were examined at intervals of a few minutes to seven days after the last injection and all showed widespread impaction or adhesion of emboli with moderate to marked acute arteritis (table 1, animals FP4, Al, AS, A16). These changes are illustrated in figures 1 to 3 and are identical with those produced by the injection of minute emboli of whole rabbit blood clots except that they are more severe. No animal which was examined within the first few days failed to show these lesions.
After a week or ten days the acute lesions became organized. Fibroblasts, a few capillaries and mononuclear phagocytes appeared and the clot retracted, and became endothelialized, forming an eccentric plaque on the intima. Within the space of several weeks the process of organization had resulted in fibroelastic scarring of the intima of a considerable number of both large and small arteries (figs. 4 to 8). In 2 animals fibrous bridges formed in the lumens of large arteries. Chronic or healed lesions were observed in 16 of 17 rabbits and as long as 157 days after the last injection or 164 days after the first (table 1) . They were similar to those discovered after the injection of clots of rabbit whole blood but occurred in a higher percentage of animals and were more marked. As in the case of the blood clot injections, the finding of arteries which showed no evidence of chronic lesions was interpreted as indicating that many acute lesions healed completely.
It has been shown previously that not only may blood clot emboli become impacted in the pulmonary arteries, but some of them may adhere to the arterial intima or even to the endocardium of the right ventricle. In these experiments, likewise, adhesion of emboli both to the intima and to the endocardium of the right ventricle has been encountered ( fig. 9 ).
Of especial interest was the behavior of the filter paper fibers. In the main they caused a foreign body type of inflammatory reaction. Some were engulfed by foreign body giant cells and embedded in the intima in dense plaques of avascular collagenous tissue, whereas others were located in the media or advenstitia. It was quite clear that the fibers could either pass entirely through the arterial wall or stop anywhere along the way. It was also equally clear that this was accomplished with varying amounts of injury to the artery and at times without visible evidence of injury of any kind (figs. 8, 10).
The results of injecting minute clots of human fibrin were negative (table 1). Of 3 rabbits receiving four injections of 2 cc. each during a period of 24 hours, none showed acute lesions during the first week. Of 5 rabbits which received multiple intravenous injections for as long as eight weeks, 3 showed no lesions whatever and 2 showed very slight intimal thickening and endothelial hyperplasia in a few small arteries. Nothing resembling the lesions produced by injection of a mixture of human fibrin and filter paper fibers was seen.
DIscussION OF THE RESULTS Similar changes in the pulmonary arteries have been described by Von Glahn and Hall4 following the injection of small cotton fibers into the iliac veins of rats, and by Flory1 after injection of material from the atheromatous plaques of patients with arteriosclerosis. Von range 2 to 37 days. Rabbit injected with a mixture of human fibrin and filter paper. Van Giesen and elastica stains, X 120.
FIG. 9. Rabbit Al. Embolus of human fibrin and filter paper adherent to the endocardium of the right ventricle. Organization is well advanced and the fibers of filter paper have been phagocytosed by multinucleated giant cells. A single layer of endothelium covers the embolus. The rabbit was killed 29 days after the first injection of a mixture of rabbit fibrin and filter paper or one day after the last injection. Hematoxylin and eosin, X 300.
FIG. 10. Rabbit FP3. (See fig. 4 .) A small fibrous intimal plaque at the site of adhesion of a filter paper fiber is present in the lower right hand corner. Another fiber surrounded by a healed granuloma is present in the lymphatic between the artery and bronchus. Van Giesen and elastica stains, X 120.
FIG. 11. Rabbit S2. A control animal showing a lymphatic vessel lying between an artery and a bronchus with a small nodule of lymphocytes at the lower end. Hematoxylin and eosin, X 150.
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Glahn and Hall were led to perform their experiments because they had discovered foreign body granulomas in the pulmonary arteries of (6 patients who had received recent intravenous injections of saline filtered through cotton or from flasks stoppered with cotton plugs which had adhered to the mouth of the flask. Kon-waler3 has reported finding similar foreign body granulomas in the pulmonary arteries of 2 other patients who had received intravenous injections of fluids. Von Glahn and Hall and Flory described repair of the lesions within a period of six months and did not observe chronic or healed lesions of the type seen in our animals. Adhesion of the emboli to the arterial wall or to the endocardium of the right ventricle was also not described. The lesions also ate essentially similar to those obtained by Harrison2 when he injected finely fragmented clots of human fibrin, and by Wartmani, Jennings and Hudson5 who injected minute emboli of rabbit blood clots. The results of these experiments and their bearing on certain morphologic observations, which indicate that organization of small emboli may be a factor in the development of Lambl's excresences and of certain forms of arteriosclerosis and progressive mitral stenosis, have been discussed elsewhere.5
The results of the present experiments indicate that foreign bodies, such as filter paper fibers, provided they gain access to the circulation, may become impacted or adherent in the pulmonary arteries and produce an intense acute arteritis. As the arteritis heals the emboli become organized and shrink, leaving in some instances plaque-like fibroelastic scars of the intima, media, or adventitia. Thus the injection of even minute foreign bodies may be fraught with serious consequences and great care should be taken in the preparation of solutions or materials for intravenous injection in order to make certain that they do not contain foreign substances.
Of considerable theoretic interest is the demonstration that a mechanism exists by means of which emboli such as filter paper fibers may be cleared from the circulation in the lungs. This is indicated by the finding of the fibers not only within the wall of arteries but also in the adventitia and perivascular tissues. Obviously such fibers must have passed through the arterial wall, but just how this was accomplished was not made clear by these experiments. Either the fiber could be pushed through the wall and then engulfed by phagocytes, or it could be first phagocytosed and then carried through the vessel by the phagocyte. This process frequently resulted in injury of the affected artery, but occasionally occurred without demonstrable permanent damage. Some insight into the mechanism for clearing foreign material from the blood stream was gained from an examination of arteries which lie adjacent to bronchi. It became apparent from examination of sections from the lungs of control animals that there was often a nodule of lymphoid tissue lying between the artery and the bronchus. These lymphoid nodules varied greatly in size, and in the small ones it was always possible to identify a lymphatic lying between the artery and bronchus from which the lymphoid nodule arose ( fig. 11 ). In the experimental animals it was also noted that filter paper fibers and the accompanying granu-] oma were frequently in the same situation (( fig. 10 ). Thus it seems likely that in this particular situation the foreign material, after clearing the artery, passed into this lymphatic and then, depending upon its size, was either removed or localized in this place. The possibility also exists that the foreign body could pass from the lymphatic into the bronchus and be coughed up, but this has not been observed.
It may well be that the lymphoid nodules seen in this location in control rabbits are due to some such mechanism.
The failure to produce arterial lesions by the injection of clots of human fibrin deserves comment because of the fact that Harrison 2 was able to produce lesions in this fashion as is proved by his excellent photomicrographs. Our experimental technic differed from Harrison's in several respects, and it may be that the differences in results are due to this. In the first place the fibrin emboli which we injected measured on the average 0.1 mm. with a maximum diameter of 0.25 mm., whereas Harrison injected much larger emboli which had an average diameter of 1 to 2 mm. This suggests the possibility that, the size of the embolus may be a 76'2 factor in determining the outcome and this possibility is now being explored. In the second place our acute experiments were performed by giving four injections at intervals of a few hours in a 24 hour period in order to obtain accurately dated lesions. Harrison, in contrast, injected his animals weekly for several weeks. But this procedure was followed in our chronic experiments and no significant lesions were discovered. SUMMARY Rabbits were given injections into the ear veins of saline suspensions of minute fibers of filter paper and of mixtures of filter paper and human fibrin or filter paper and rabbit whole blood clot. The emboli either became impacted in the pulmonary arteries or adhered to the intima. In one rabbit an embolus adhered to the endocardium of the right ventricle. An acute inflammation resulted which subsided after about a week. Organization of the embolus and inflamed arterial wall resulted in retraction of the embolus and diffuse or eccentric scarring of the intima. Vascularization of some of the scars was observed, but hemorrhage and deposition of lipoids were not seen. Intravascular bridges occasionally formed.
The filter paper fibers were soon surrounded by a foreign body granuiloma and became lo-calized in either the intima, media, or adventitia. They frequently passed entirely through the wall of the affected artery, causing varying amounts of injury, and were found in the adventitia or perivascular lung tissue. This is interpreted as indicating the existence of a mechanism for ridding the circulation of foreign material in the blood. Localization of the fibers in lymphatics situated between the bronchi and arteries is described. Injection of minute emboli of clots of human fibrin having an average diameter of 0.1 mm. did not cause similar lesions. This failure, which is at variance with previously reported work, may be explained by the use of extremely small emboli and a different experimental technic.
